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Abstract

Hepatocellular carcinoma (HCC) is a fatal dis-
ease that represents the fifth most common hu-
man cancer. Although remarkable progress has
been achieved in HCC treatment in China, the
overall incidence and mortality rates of HCC
show no obvious changes. Pharmacological
treatment can not improve the prognosis of pa-
tients with unresectable HCC. This emphasizes
the need to identify new targets for early diag-
nosis, chemoprevention, and treatment of the
disease. An effort to understand the molecular
mechanisms responsible for tumor initiation
and progression has led to the identification of
several potential molecular targets for HCC.
The majority of these targets are involved in
receptor tyrosine kinase-activated pathways,
such as the Raf/MEK/ERK, PI-3K/ Akt/ mTOR,
and Jak/Stat pathways. Sorafenib is a multiki-
nase inhibitor that has attracted wide attention.
This review describes the potential targets for
HCC and recent progress in targeted therapy of
the disease.
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S (1 BEL T 741), = T Ab) i BEL T 52 12 b i P 4 1
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I 7 A (R L H i B 2 He e
KA R RN B A AR S TR O S DA R
VFZHCCHIAEKK ¥, iR KK F(epi-
dermal growth factor, EGF). R4F4E4H f A= A
“F(fibroblast growth factor, FGF). FF4ilffiA:4
[Al-¥-(hepatocyte growth factor, HGF). Ifil/MRAT
1 J7 A= K Rl F(platelet derived-endothelial cell
growth factor, PD-ECGF). L P K7 41 i A K A
“F(vascular endothelial growth factor, VEGF). i
B Z#E4E K A F(insulin-like growth factor, IGF)
&, T SR T B2 A DL SR Ui A A% 3l
FWIEEHCCHI R A K. 18I HOE =
TR S Ak, 51k T N — RAVIE 4% Tl
PO, B4E: Ras/Ra/MEK/ERK. Jak/stat.
P13K/Akt/mTORAE. Lh b I8P 3 55 e i &
Az A28 07 UL R W S0 IR e B B DA G . AT 2
HAEHCCAN I S I JRIL 1 1) ot -t B 22 A fi
M A A PR BT o R Rk, it A P R AR A
“F(vascular endothelial growth factor, VEGF). 1
PR 2T 2 BEAH M A K[ 1~ (basic fibroblast growth
factor, bFGR). IfL/MRAH =LK K F (platelet as-
sociated growth factor, PDGF). L% 2F il 4 FH A1
VI e R P A, 2 ] DK I 8 A KR
TR SZ A IR AH O i 22 R VUl B2 A4 Ay R

FGF. PD-ECGF 5 IR LA TE . HCC
(4228 01 UL S B B DIAR G VEGF ) I 28
VEGFURIVEGF2, 07T I N 52 40 i it 2 1,
T LGS N S A R, L VEGF 24 Bl 7 26 il 4
Wl R, AR WHCC B VEGF
(LA NI RN I AN () =RIEN o =R ¢
LA KK F(placental growth factor, PLGF) /&
VEGFZ G AN, fEIET AR Rk &
/0, A5 VEGFR-1#neuropilin-1454, kb
S FT IS BT ). PD-EC GF 2 T 35 ) i 45
Az R, AR T K 045 PN R 40 P 2R AR A
[, 1TPD-ECGFRIFIE &K 0.7 41 iz 4 it A %
S LA i SR B A SR T, 2 5 g o A 1L Y
JERK. BHITPD-BECGFR ] LA ML 41 5 40 i 5 Y
J2 40 M 53 25, A8 P9 Bz 4 i R THI 1)V EGF 525 5 4
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BRI B 1) 6 A ) I k2 1D e Ik g A R
B, TR RR R HCCR G R AER
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. P FGFIMFGF2AEHCCAH AP RILZE T
WK, MFGF8MIFGF182& L i), s A& W
Sy WML LA K 5 F GERIAH ELAE I, 4545 5301
HCCANMI #5402, HIFE T fTFGF AR
¥z HHCCH MM A K, AR HFGF1 74
HAK I P E R, AR R IESZ, FGF
AT fES R Gz pb e LIS DA O, fF
VIBRHC CA1H HHF GF 1A R IA Bk i SL AL A 1y T
BEPE 2,

1.2 ¥ @ EFGR-8 5B % # EGFR/ZerbB% 1k
FE I —F, P k. EGFRIUECAAH
FEEGF. AL/ EK N Fa(transforming growth
factor-o, TGF-a)s X[ 115 [A F(amphiregu-
lin). JH# 456K KA KK ¥ (heparin-binding
epidermal growth factor). £ /8% (betacellulin).
SN EE A (epiregulin)®. 7T 40 Ml HEGFR 32 %
BLA N EGFMTGF-o, 184 5EGFETGF-a4i &
TR BAKBOREGFR, B )G, 2RI
GO, T B A I 1) 1 P T 2 R
WAk, kAR T R A S AR (R A
#HIAKS/STATS, Ras/MAPK, PI-3KfIRas/Raf/
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MEK/ERK), PLS 40 fasG5E 8 T i 95 50 i
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>60%%", % [ 5 R4 R A= K R F(hepatocyte
growth factor, HGF). TGF-a. BMXIGFEHE
EGFR"", I THCCH A KAT 5%, IL4EKR
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RN, F e BT 5 I S R U
Z PR R R TT 294 HE AR AR H TR

1.3 2@ IGFR HCCA LRI 55 AT 2 P 1GF-
[ . IGF-1I XIGF-1RFEIAH =, IGF-1 . IGF-
I EE5IGF-1RE &, HEE Y% Thhe 2
AT 2 oy R M A K, 25 g F g R 40 i
BRI, R EOR, 20%HCCRERAE Y nl K
MHIGF-1RE X = T I, 7 He S1GFI&EM)
BWom A =028 I E, 12%-44% T HC C
HIGF- 11 RIAMG &, 1R B BRI 7454
£ M (insulin-like growth factors binding protein,
IGFBP){I#iA F i, IGFBPHIEE /K fift =41
i, XA RE HIGEIGMER oAy O¢. DL Rixsely &
HHCCHEFTIGFRAF 518 I s, HBEE
510 SEGFRIA, fFERas/Raf/MEK/ERK |
JAKSs/STATS. PI-3K/Akt/mTOR. HHF55 &,
IGF- I SHCCAMUFRBEA 0%, FEMK s i)
SRPHVERIEGG S, RNIGE- LK P, 55w
B T E AR A G, AL AR R AL
(¥ e B A AT 5,

2 HCCH FERAIBISBIR R RO YIIN B
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0 A5 5 A S0 R A I R R SR )
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Gk R—ANERM. ZRE. ZigfR. T
OGR4 R G, B 12 M A R
W45 5 A RIS 2B e S50 P Re A 1 B L
X BRI RO BT I Aok, 4 F R )
BIT 2RI THC C C RN T ZE a7 77
FUH RT3 P LR B 3E JE (Sorafenib).

£7)JE % JE (Sunitinib) 554 25 WA K 1) 2§ A1

2 PRI G T HC C o S 32 31 i 8 563,
e R PR R VRITHCC O & IS T 8w itk it
Ji&, T THCCHE a7 BIHT AR, HCCHE YA
J7 2P E T LA LU (DBEGFREZ Y-
HEHF JE (Gefitinib) M2 2 75 Jé (Erlotinib), V4%
FL41(Cetuximab)flJE Z ¥k P (Nimotuzumab);
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JibRa I A2 1, 9T 12006-01. 2007-1143 513k
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(renal cell carcinoma, RCC)™*. 5% 3k etk
FARARL, 3590 22 80 s ), O 2 5 ek )
ANBHIHCCIR Y. S B LA Y 45 [
FXHEF e e IR AR, >75 mg/de
FEAE R R BRI BN, BRI AR
BT 51 18%, ¥k T 40 Bk 2> 15%, s 4t ff g 2> |
LN DRI Z 12%, FREEE KB @&
JIH 2T 25 M R e i 72 6%. /> 4250 mg/divy,
R NSNS e |11 RANY 8 R N L
ARS8 F A AN B O /D, (HIE A R
BETBALEGF NI N3.9 mo. FIRIEHIR N
52%. SRR AL YT (1) 113 A S 565 1
R, &5 e 52 F RBUR G TT
A ITHC C R, FLmi#2H% 437.8%, JLrh
V535 B T 5 4 2% i (partial remission, PR), 13451
I 15 #4805 (stabilization of disease, SD)iAid3 mo,
R ILET )65 Je mT LLIE ek AR i R 1
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ZRFANEF S ags] ek ZHLRAEF: VEGFRs1-3. PDGFR-a 20065EFDA. 20074ESFDAMERTGIST
T e i) 25 4 57 & F0b, FMS-like tyrosine kinase, FORCC; IIBARIAZT R T-25ihAME, BIEHCC
fzj”\;gﬁ] }?72— c—KIT, RETAlcolony—stimulating 89 Il HRlIGERAASR
e 5 R AL K factor receptor type 1
Aok, kg 2w SHBE EGFRIBAIX FDAREFRTFERIREFINSCLC, I #HIGAR
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7 & ? 4 E Sl [B8&E FRZIERTERAIEAR
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s RUTFE ZESRER: Raf ABSFOVEGFR 1-3,  2005FFDAML)EEFITRCC; 20108EFDA
A 36 9T AR PDGFR-b, c-Kit FIt3 and p38 HERTHCC: Il HBIBPRIAR G 5P A
BMS-582664  Brivanib ZESHAF, EZ/ERRT: VEGFR-2  IRERIARIGZAPAPEB(SLIRE. A,
and FGFR-1 CRC), B4F ll HBHCC
SU 6668 TSU-68 DR SBEBHDAF: VEGFR, FTes AL, BfECRCA]
PDGFR-afFGFR HCC; Il BRIMEREARIMISEHCC
Recentin FOitferh 2. DILUDEF: VEGFR 1-3. || BRIGEREFSR SRSk EX S BZITHEHCC
PDGFR, c—Kit
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extracellular signal-regulated kinase, pERK)# 1A
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& 259097 WG e g, Horh A4 HC C
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G AR AR RS . FRERIE S, H R O
O HH L B IR AR X 3 38 K, X 45 15 G R e
TP SR A7 HOB 1 Il L.

2.3 FEHRAJLEH R JLEFEAEIER B
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PRAFEFURT e HIH C C i 38 AT JE e 5 e A DA%
PUBc A N HRYY, Hh 1061783 TPR, H{7PFS
FIORZ ) H39 wkH68 wk, w4 &% Ky25%.
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J22.8 mo, 7 0S/E6.8 mo, SEALEMR . HIOE
il FNAS E IR B A 20 LR, T
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)2 MPERGF T, H BN H T 45
Wi (a7, (R HC CIRTT RUCR VB A —.
Zhu S5O i I 5 O S I HC C Rl EAT 114

www.wjgnet.com



I, 5. ARy D S #E0ss 335
I RIFFE b R VG Z 8 PRy T iR EHCCIY 4 S8 W@ 75
Tk AT, A
ORAE, 304 HE P ICCR. PR, Hop{/PFSHI 1 Lee JS, Thorgeirsson SS. Genetic profiling of human %} fiﬁ;f;;;ﬁ /}i
N . NN hepatocellular carcinoma. Semin Liver Dis 2005; 25: )
OS%} I 1.4 mof19.6 mo. A7V Z % LIPefy o S A L.
Wt Z9iad7 R IHHCCI I IR R SEE 9T 2 Kim DG. Differentially expressed genes associated
o/ 1| Ha =5tk 78 o/ ER . ; with hepatitis B virus HBx and MHBs protein func-
1, 23%(0 B IRA TPR, 46% B84 SD, B (K tion in hepatocellular carcinoma. Methods Mol Biol
Ay A Al ALY p
FAZPFSA4.7 mo, 4708 49.5 mo. £ PE¥ 2006; 317: 141-155
NN [T TN N 3 Chan DW, Ng IO. Knock-down of hepatitis B virus
SETE Y SR 4 T A 243 7. e Pl e v + INg P
HLBETLE R B2 Jiiifljc SR /'?JTTTE R X protein reduces the tumorigenicity of hepatocel-
CRCHE B, v B A A bh J5UR g B )™ lular carcinoma cells. ] Pathol 2006; 208: 372-380
; S5 e M e S : . 4 Aravalli RN, Steer CJ, Cressman EN. Molecular
E]’]4$ﬁ|3ﬁ;< H ﬁﬁv{ﬂ%x E%m FERTONE AG mechanisms of hepatocellular carcinoma. Hepatol-
BEIMAE . P VA wfl LA B 7 27 0gy 2008; 48: 2047-2063
5 Colombo M. Hepatocellular carcinoma. | Hepatol
3 g 1992; 15: 225-236
ot 6 Guzman G, Cotler S, Lin AY, Maniotis AJ, Folberg
HCCH KA —NE 0, W #oE £ fh R. A pilot study of vasculogenic mimicry immuno-
o N > \ N histochemical expression in hepatocellular carci-
1“ j?/ﬁz: %ﬁ}% N z ﬂ: EEJK ¥‘ﬁlﬁ THCC ﬂl] Zi noma. Arch Pathol Lab Med 2007; 131: 1776-1781
AR, HT, 2 WIWF9T DABH W i A s i 7 Rizell M, Andersson M, Cahlin C, Hafstrém L,
NI y Olausson M, Lindnér P. Effects of the mTOR inhibi-
>k e | AN il =i 5 /
A MHCCE AR A, A2 it tor sirolimus in patients with hepatocellular and
STHCCIF £ 48 1] 254 IE AE T 7;{, AE i 989 19 TE A%, cholangiocellular cancer. Int | Clin Oncol 2008; 13:
e - S T i 66-70
/\J;& K] /7. e /= TR fifs v
LGRS ]‘ AL DR B, UL E%%{@% AR AK 8 Rizell M, Lindner P. Inhibition of mTOR suppresses
MG T4 T BV A, BIAE SR experimental liver tumours. Anticancer Res 2005; 25:
2 R 3 ot . gk ﬁ HH 42 JBT 789-793
%ETE%THLEE E lj/] EEE\Z’ J@,/\' Hb% /ffﬁ\ﬁg HEFJE; 9 Edmondson HA, Steiner PE. Primary carcinoma of
Ij/‘] 7?1}1-%, Jfl:z: HEJﬁ?U /ﬁ@ H \y D@ﬁ%jﬁﬁfﬂ}%%g the liver: a study of 100 cases among 48,900 necrop-
: y g p
S 6 0 T 245 47 4 0 385 L1 Sies: Concer 19547 7: 462503 .
o " Lo o 10  Yang ZF, Poon RT. Vascular changes in hepatocel-
(1) Bl E i A 5 e 15 A2 BSoAH OC IR 5 lular carcinoma. Anat Rec (Hoboken) 2008; 291:
e Pl QIR BRI LRI RA T ilan K, Ferrara N. T
. ) " orgstrom P, Go , Hillan K], Ferrara N. Im-
A I (3)3G N Ah R An M i) B, AN R portance of VEGF for breast cancer angiogenesis
VEGFA: 113887 2 10 45 11 26 % ( 4)@ﬂ T ik in ViJ-O: implications from. i}r:travital {1/1éccr(l;scopy (if
. " s combination treatments with an anti- neutral-
F U AR ORT AR LA, DTSS0I R 41 B 1 izing monoclonal antibody and doxorubicin. Anti-
L B BRI, LN TR RO e Res 1999 10042034214
} ! . . 12 Rosen LS. VEGF-targeted therapy: therapeutic
ngﬂ-ﬂ?ﬁﬁgm B ?ﬂ] ﬁélj %U’L iﬁﬁj%ﬁ:’ Z:'fﬂﬁﬂ JH:: 55| potential and recent advances. Oncologist 2005; 10:
TE R RAL . 4Gl 2K H ” 3?12'-39113\( Vil A, Hoshida Y, Peix J, N
. . i . . iang DY, Villanueva A, Hoshida Y, Peix J, New-
| *ﬂ* %U U\&@%ﬁ@&’i’ﬁ& M %U@E% D/‘J % 9%’ j( i ell P, Minguez B, LeBlanc AC, Donovan DJ, Thung
ﬁ\ﬁtlzﬁggfﬂ H@‘&AK\N‘TKISF ﬁzﬁﬁj‘gjfﬁ TﬁﬁHCC SN, Solé M, Tovar V, Alsinet C, Ramos AH, Bar-
. . . N retina J, Roayaie S, Schwartz M, Waxman S, Bruix J,
£ NE- e . )
lj,] E/EE*}_L%U AT %j EjJ }k ﬂ 15 EHZ‘/E\:XTEFEEEF '}:"@éjj% Mazzaferro V, Ligon AH, Najfeld V, Friedman SL,
FEASTN S Y R IAL, s BT DL gk B — R R [R) I RR. Sellers WR, Meyerson M, Llovet JM. Focal gains of
NN r oy e VEGFA and molecular classification of hepatocel-
N e 1 F AN T
Hjﬁ Fﬁ ﬁ{m kel @E% lj/] 7 ¥¥E ‘ﬁ‘ s 1E H i }k ﬂ ] 34: ﬂi lular carcinoma. Cancer Res 2008; 68: 6779-6788
RIIX—FpPHM 7. R, AE DAJG B R @t e 14 Villanueva A, Toffanin S, Llovet JM. Linking mo-
S N lecular classification of hepatocellular carcinoma
R oh £ sk A Bl iy e P 0k =4 p
IT R A RS R A 2 S T, BN and personalized medicine: preliminary steps. Curr
FRBUASR 5354 1) 25097 200 73 1 24, Opin Oncol 2008; 20: 444-453
\ v N 15 Osada S, Kanematsu M, Imai H, Goshima S. Clini-
D J=ea| ol ! =) ; ’ ! !
e I 22 AL AR, SRAERE AL TR cal significance of serum HGF and c-Met expression
ST S PR BB S BRI AR T ML in tumor tissue for evaluation of properties and
o N 144 S JEL L S 1 S R 2 treatment of hepatocellular carcinoma. Hepatogas-
FT, LU N2V B L K30 AR, B A
ﬁJ\ %ﬁﬁ rEJ /ﬁff Ij'(] EIMEZL ] R“H:Hlﬁ‘, Eﬁ )ﬁﬁ@ 16  Miura H, Miyazaki T, Kuroda M, Oka T, Machina-
iE fﬂ ﬁﬂ?ﬁ%%'f’gﬁﬁ lj,:J Ia Eﬂ_ %%Emiz ‘*/l:{ 1;& mi R, Kodama T, Shlbuya M, Makuuchi M, Yazaki
) . - ’ . Y, Ohnishi S. Increased expression of vascular
25 I B 2 AN R B NE, A e A A endothelial growth factor in human hepatocellular
I N SR Y SN A ) 1 5 carcinoma. | Hepatol 1997; 27: 854-861
PPHL AN BSOS =4 0 3% S 17 Torimura T, Sata M, Ueno T, Kin M, Tsuji R, Suzaku

FH.

www. wjgnet.com

K, Hashimoto O, Sugawara H, Tanikawa K. In-



336

ISSN 1009-3079 (print) ISSN 2219-2859 (online)

HRE N EHZE 201192888

£19%5 487

18

19

20

21

22

23

24

25

26

27

28

29

30

31

creased expression of vascular endothelial growth
factor is associated with tumor progression in hepa-
tocellular carcinoma. Hum Pathol 1998; 29: 986-991
Poon RT, Ng IO, Lau C, Yu WC, Fan ST, Wong J.
Correlation of serum basic fibroblast growth factor
levels with clinicopathologic features and postop-
erative recurrence in hepatocellular carcinoma. Am
J Surg 2001; 182: 298-304

Fernandez M, Semela D, Bruix J, Colle I, Pinzani
M, Bosch J. Angiogenesis in liver disease. | Hepatol
2009; 50: 604-620

Xu L, Cochran DM, Tong RT, Winkler F, Kashiwagi
S, Jain RK, Fukumura D. Placenta growth factor
overexpression inhibits tumor growth, angiogen-
esis, and metastasis by depleting vascular endothe-
lial growth factor homodimers in orthotopic mouse
models. Cancer Res 2006; 66: 3971-3977

b, o, e, #2000, I TIER. IE N AR
T A MR AL R AR R AR TEH iR &R
FRVEF AR MR R TS FUE SRR Hh
eSS ML 2008; 25: 821-822

Chao Y, Li CP, Chau GY, Chen CP, King KL, Lui
WY, Yen SH, Chang FY, Chan WK, Lee SD. Prog-
nostic significance of vascular endothelial growth
factor, basic fibroblast growth factor, and angio-
genin in patients with resectable hepatocellular
carcinoma after surgery. Ann Surg Oncol 2003; 10:
355-362

Yamaguchi R, Yano H, lemura A, Ogasawara S,
Haramaki M, Kojiro M. Expression of vascular
endothelial growth factor in human hepatocellular
carcinoma. Hepatology 1998; 28: 68-77

Poon RT, Fan ST, Wong J. Clinical significance of
angiogenesis in gastrointestinal cancers: a target for
novel prognostic and therapeutic approaches. Ann
Surg 2003; 238: 9-28

Jinno K, Tanimizu M, Hyodo I, Nishikawa Y, Hoso-
kawa Y, Doi T, Endo H, Yamashita T, Okada Y. Cir-
culating vascular endothelial growth factor (VEGF)
is a possible tumor marker for metastasis in human
hepatocellular carcinoma. | Gastroenterol 1998; 33:
376-382

Cerea G, Ricotta R, Schiavetto I, Maugeri MR, Sar-
tore-Bianchi A, Moroni M, Artale S, Siena S. Cetux-
imab for treatment of metastatic colorectal cancer.
Ann Oncol 2006; 17 Suppl 7: vii66-vii67

Harada K, Shiota G, Kawasaki H. Transforming
growth factor-alpha and epidermal growth factor
receptor in chronic liver disease and hepatocellular
carcinoma. Liver 1999; 19: 318-325

Hisaka T, Yano H, Haramaki M, Utsunomiya I, Ko-
jiro M. Expressions of epidermal growth factor fam-
ily and its receptor in hepatocellular carcinoma cell
lines: relationship to cell proliferation. Int | Oncol
1999; 14: 453-460

Ito Y, Takeda T, Higashiyama S, Sakon M, Wakasa
KI, Tsujimoto M, Monden M, Matsuura N. Expres-
sion of heparin binding epidermal growth factor-
like growth factor in hepatocellular carcinoma: an
immunohistochemical study. Oncol Rep 2001; 8:
903-907

Ito Y, Takeda T, Sakon M, Tsujimoto M, Higashiya-
ma S, Noda K, Miyoshi E, Monden M, Matsuura N.
Expression and clinical significance of erb-B recep-
tor family in hepatocellular carcinoma. Br | Cancer
2001; 84: 1377-1383

Sweeney CJ, Chiorean EG, Verschraegen CF, Lee
FC, Jones S, Royce M, Tye L, Liau KF, Bello A, Chao

32

33

34

35

36

37

38

39

40

41

42

43

44

45

R, Burris HA. A phase I study of sunitinib plus
capecitabine in patients with advanced solid tu-
mors. | Clin Oncol 2010; 28: 4513-4520

Scharf JG, Braulke T. The role of the IGF axis in
hepatocarcinogenesis. Horm Metab Res 2003; 35:
685-693

Breuhahn K, Schirmacher P. Reactivation of the
insulin-like growth factor-II signaling pathway in
human hepatocellular carcinoma. World | Gastroen-
terol 2008; 14: 1690-1698

s, e T ERTAEE R VR S
IR A 2005; 13: 378-379

Breuhahn K, Longerich T, Schirmacher P. Dysregu-
lation of growth factor signaling in human hepato-
cellular carcinoma. Oncogene 2006; 25: 3787-3800
Kin M, Sata M, Ueno T, Torimura T, Inuzuka S,
Tsuji R, Sujaku K, Sakamoto M, Sugawara H, Ta-
maki S, Tanikawa K. Basic fibroblast growth factor
regulates proliferation and motility of human hepa-
toma cells by an autocrine mechanism. | Hepatol
1997; 27: 677-687

Willett CG, Boucher Y, Duda DG, di Tomaso E,
Munn LL, Tong RT, Kozin SV, Petit L, Jain RK,
Chung DC, Sahani DV, Kalva SP, Cohen KS, Scad-
den DT, Fischman AJ, Clark JW, Ryan DP, Zhu AX,
Blaszkowsky LS, Shellito PC, Mino-Kenudson M,
Lauwers GY. Surrogate markers for antiangiogenic
therapy and dose-limiting toxicities for bevacizum-
ab with radiation and chemotherapy: continued ex-
perience of a phase I trial in rectal cancer patients. |
Clin Oncol 2005; 23: 8136-8139

Zhu AX, Raymond E. Early development of suni-
tinib in hepatocellular carcinoma. Expert Rev Anti-
cancer Ther 2009; 9: 143-150

Horie Y, Suzuki A, Kataoka E, Sasaki T, Hamada
K, Sasaki J, Mizuno K, Hasegawa G, Kishimoto H,
Tizuka M, Naito M, Enomoto K, Watanabe S, Mak
TW, Nakano T. Hepatocyte-specific Pten deficiency
results in steatohepatitis and hepatocellular carci-
nomas. | Clin Invest 2004; 113: 1774-1783

Zhang H, Burrows F. Targeting multiple signal
transduction pathways through inhibition of
Hsp90. ] Mol Med 2004; 82: 488-499

Rossi L, Zoratto F, Papa A, Iodice F, Minozzi M,
Frati L, Tomao S. Current approach in the treatment
of hepatocellular carcinoma. World | Gastrointest
Oncol 2010; 2: 348-359

Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot
HC, Kim G, Donehower RC, Fitch T, Picus J, Erli-
chman C. Phase II study of Erlotinib (OSI-774) in
patients with advanced hepatocellular cancer. | Clin
Oncol 2005; 23: 6657-6663

Thomas MB, Chadha R, Glover K, Wang X, Morris ],
Brown T, Rashid A, Dancey ], Abbruzzese JL. Phase
2 study of erlotinib in patients with unresectable he-
patocellular carcinoma. Cancer 2007; 110: 1059-1067
Mendel DB, Laird AD, Xin X, Louie SG, Christensen
JG, Li G, Schreck RE, Abrams TJ, Ngai TJ, Lee LB,
Murray L], Carver ], Chan E, Moss KG, Haznedar
JO, Sukbuntherng J, Blake RA, Sun L, Tang C,
Miller T, Shirazian S, McMahon G, Cherrington JM.
In vivo antitumor activity of SU11248, a novel tyro-
sine kinase inhibitor targeting vascular endothelial
growth factor and platelet-derived growth factor
receptors: determination of a pharmacokinetic/
pharmacodynamic relationship. Clin Cancer Res
2003; 9: 327-337

Murray LJ, Abrams TJ, Long KR, Ngai T], Olson

www. wjgnet.com



KIN, 5. HHBERa DS EEmas

337

46

47

48

49

50

51

52

53

54

LM, Hong W, Keast PK, Brassard JA, O'Farrell AM,
Cherrington JM, Pryer NK. SU11248 inhibits tumor
growth and CSF-1R-dependent osteolysis in an
experimental breast cancer bone metastasis model.
Clin Exp Metastasis 2003; 20: 757-766

Bang Y], Kang YK, Kang WK, Boku N, Chung HC,
Chen JS, Doi T, Sun Y, Shen L, Qin S, Ng WT, Tursi
JM, Lechuga M]J, Lu DR, Ruiz-Garcia A, Sobrero A.
Phase II study of sunitinib as second-line treatment
for advanced gastric cancer. Invest New Drugs 2010
May 12. [Epub ahead of print]

Zhu AX, Duda DG, Sahani DV, Jain RK. Develop-
ment of sunitinib in hepatocellular carcinoma:
rationale, early clinical experience, and correlative
studies. Cancer | 2009; 15: 263-268

Hainsworth JD, Spigel DR, Burris HA 3rd, Water-
house D, Clark BL, Whorf R. Phase II trial of beva-
cizumab and everolimus in patients with advanced
renal cell carcinoma. | Clin Oncol 2010; 28: 2131-2136
Chow LQ, Eckhardt SG. Sunitinib: from rational
design to clinical efficacy. | Clin Oncol 2007; 25:
884-896

Motzer RJ, Hutson TE, Tomczak P, Michaelson
MD, Bukowski RM, Rixe O, Oudard S, Negrier S,
Szczylik C, Kim ST, Chen I, Bycott PW, Baum CM,
Figlin RA. Sunitinib versus interferon alfa in meta-
static renal-cell carcinoma. N Engl | Med 2007; 356:
115-124

Strumberg D, Clark JW, Awada A, Moore M],
Richly H, Hendlisz A, Hirte HW, Eder JP, Lenz HJ,
Schwartz B. Safety, pharmacokinetics, and prelimi-
nary antitumor activity of sorafenib: a review of
four phase I trials in patients with advanced refrac-
tory solid tumors. Oncologist 2007; 12: 426-437
Wilhelm S, Carter C, Lynch M, Lowinger T, Dumas
J, Smith RA, Schwartz B, Simantov R, Kelley S. Dis-
covery and development of sorafenib: a multikinase
inhibitor for treating cancer. Nat Rev Drug Discov
2006; 5: 835-844

Josephs DH, Ross PJ. Sorafenib in hepatocellular
carcinoma. Br | Hosp Med (Lond) 2010; 71: 451-456
Koeberle D, Montemurro M, Samaras P, Majno P,
Simcock M, Limacher A, Lerch S, Kovacs K, Inauen
R, Hess V, Saletti P, Borner M, Roth A, Bodoky G.
Continuous Sunitinib treatment in patients with
advanced hepatocellular carcinoma: a Swiss Group
for Clinical Cancer Research (SAKK) and Swiss
Association for the Study of the Liver (SASL) multi-
center phase II trial (SAKK 77/06). Oncologist 2010;
15: 285-292

www. wjgnet.com

55

56

57

58

59

60

61

62

63

64

Huynh H, Ngo VC, Koong HN, Poon D, Choo SP,
Toh HC, Thng CH, Chow P, Ong HS, Chung A,
Goh BC, Smith PD, Soo KC. AZD6244 enhances
the anti-tumor activity of sorafenib in ectopic and
orthotopic models of human hepatocellular carci-
noma (HCC). | Hepatol 2010; 52: 79-87

Hopfner M, Sutter AP, Huether A, Schuppan D,
Zeitz M, Scheriibl H. Targeting the epidermal
growth factor receptor by gefitinib for treatment
of hepatocellular carcinoma. | Hepatol 2004; 41:
1008-1016

Abrams TJ, Lee LB, Murray L], Pryer NK, Cher-
rington JM. SU11248 inhibits KIT and platelet-
derived growth factor receptor beta in preclinical
models of human small cell lung cancer. Mol Cancer
Ther 2003; 2: 471-478

Huether A, Hopfner M, Sutter AP, Schuppan D,
Scheriibl H. Erlotinib induces cell cycle arrest and
apoptosis in hepatocellular cancer cells and enhanc-
es chemosensitivity towards cytostatics. ] Hepatol
2005; 43: 661-669

Press OW, Unger JM, Braziel RM, Maloney DG,
Miller TP, Leblanc M, Fisher RI. Phase II trial of
CHOP chemotherapy followed by tositumomab/
iodine 1-131 tositumomab for previously untreated
follicular non-Hodgkin's lymphoma: five-year
follow-up of Southwest Oncology Group Protocol
S9911. ] Clin Oncol 2006; 24: 4143-4149

Zhu AX, Stuart K, Blaszkowsky LS, Muzikansky
A, Reitberg DP, Clark JW, Enzinger PC, Bhargava
P, Meyerhardt JA, Horgan K, Fuchs CS, Ryan DP.
Phase 2 study of cetuximab in patients with ad-
vanced hepatocellular carcinoma. Cancer 2007; 110:
581-589

Arii S. Molecularly targeted therapy for hepatocel-
lular carcinoma from the basic and clinical aspects.
Int ] Clin Oncol 2010; 15: 234

Huynh H, Chow PK, Palanisamy N, Salto-Tellez
M, Goh BC, Lee CK, Somani A, Lee HS, Kalpana R,
Yu K, Tan PH, Wu ], Soong R, Lee MH, Hor H, Soo
KC, Toh HC, Tan P. Bevacizumab and rapamycin
induce growth suppression in mouse models of he-
patocellular carcinoma. ] Hepatol 2008; 49: 52-60
Bedossa P, Poynard T. An algorithm for the grading
of activity in chronic hepatitis C. The METAVIR Co-
operative Study Group. Hepatology 1996; 24: 289-293
Breuhahn K, Schirmacher P. Signaling networks
in human hepatocarcinogenesis-novel aspects and
therapeutic options. Prog Mol Biol Trans! Sci 2010;
97:251-277

B FEZ W AL



